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RUBBER COMPOSITION CONTAINING AN
ALKOXYSILANE COUPLED IN-CHAIN

FUNCTIONALIZED ELASTOMER AND TIRE
WITH COMPONENT THEREOF

FIELD OF THE INVENTION

This mvention relates to a precipitated silica reinforced
conjugated diene-based elastomer composition containing an
alkoxysilane coupled, in-chain functionalized, conjugated
diene-based elastomer and to a tire having at least one com-
ponent thereof. Said in-chain functionalized conjugated
diene-based elastomer 1s a conjugated diene-based elastomer
which contains a plurality of at least one of in-chain p- and
m-(2-pyrrolidinoethyl) styrene (PES) and m-(2-pyrrolidino-
1 -methylethyl) alpha-methylstyrene (PAMS) groups.

BACKGROUND OF THE INVENTION

It 1s important for rubbery polymers (elastomers), particu-
larly conjugated diene-based elastomers (including copoly-
mers of conjugated diene(s) with vinylaromatic materials
such as, for example, styrene), that are used in various com-
ponents of tires to have good compatibility with elastomer
reinforcing fillers, such as, for example precipitated silica.

For such purpose, conjugated diene-based elastomers
have, for example, been functionalized with in-chain func-
tionality (functionality of units contained within elastomer
chain) to enhance their compatibility and promote improved
interaction with such elastomer remforcing fillers. Exem-
plary of such functionalized diene-based elastomers are, for
example, styrene/butadiene copolymer elastomers which are
in-chain functionalized with a functionalized styrene mono-
mer which 1s functionalized with at least one of p- and m-(2-
pyrrolidinoethyl) styrene (PES) and m-(2-pyrrolidino-1-me-
thylethyl) alpha-methylstyrene (PAMS) groups. Such
in-chain functionality of the elastomer i1s formed by copoly-
merization of monomers (e.g. 1,3-butadiene and non-func-
tionalized styrene monomers) together with a small amount
of pre-tunctionalized styrene monomer so that the function-
alization of the resulting styrene/butadiene copolymer elas-
tomer, dertved from the small amount of functionalized sty-
rene monomer, 1s positioned within the elastomer itsell.
Examples of such in-chain functionalized elastomers are, for
examples, terpolymers of styrene/PES/butadiene and sty-
rene/ PAMS/butadiene. For example, see U.S. Patent Appli-
cation Publication No. 20040044157

European Patent Publication No. EP 0 693 5035 relates to a
functionalized polymer where 1ts functionalization 1s pro-
vided by a functionalized initiator instead of a functionalized
monomer to therefore lead to a single end functionalized
polymer rather than an in-chain functionalized polymer
which contains a plurality of in-chain functionalization
groups which are contained within the polymer 1itself.

In said U.S. patent application Ser. No. 10/389,131, 1t was
observed that only a very small amount of the functionalized
monomer (e.g. PES) could be utilized to not only provide
useful plurality of in-chain functional groups for the elas-
tomer but, also that, for a precipitated silica reinforced rubber
composition, an amount of silica coupling agent (e.g. a bis(3-
triecthoxysilylpropyl) polysulfide) could be significantly
reduced.

However, 1t was also observed that the resultant associated
bound functionalized conjugated diene-based elastomer con-
tent to the precipitated silica reinforcement may be relatively
low when using an in-chain PES functionalized conjugated
diene-based elastomer (e.g. a styrene/PES/butadiene terpoly-
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mer) when used with a reduced amount of a relatively con-
ventional bis(3-triethoxysilylpropyl) polysulfide silica cou-
pling agent, thus tending to limit the desirability and
advantage of utilization of such in-chain functionalization
(e.g. with a PES or PAMS derived in-chain functionality) of a
conjugated diene-based elastomer for precipitated silica rein-
forcement of conjugated diene-based elastomers.

Such phenomena may perhaps be due to inadequate chemi-
cal bonding between the PES or PAMS (contained 1n the
clastomer chain) and the precipitated silica reinforcement.

In practice, it 1s considered herein that a relatively high
bound elastomer content for the precipitated silica reinforce-
ment 1n a conjugated diene-based elastomer composition 1s
normally desirable to achieve suitable physical properties for
the associated rubber composition for a tire tread such as for
example better abrasion resistance.

It therefore remains desirable to increase the bound elas-
tomer content of such in-chain functionalized conjugated
diene-based elastomers (e.g. styrene/PES/butadiene terpoly-
mer or styrene/PAMS/butadiene terpolymer elastomer).

For this invention, by slightly coupling an in-chain func-
tionalized styrene/butadiene copolymer elastomer (e.g. sty-
rene/ PES/butadiene terpolymer or styrene/PAMS/butadiene
terpolymer) at the end of the elastomer chain via an alkox-
ysilane, particularly an organoalkoxysilane polysulfide, the
s1lica-bound rubber content of a precipitated silica reinforced
clastomer composition can be significantly increased.

In the description of this invention, rubber compound, sul-
fur-cured rubber compound, rubber composition, rubber
blend and compounded rubber terms may be used inter-
changeably to refer to rubber (e.g. elastomer) which has been
mixed with rubber compounding ingredients, unless other-
wise 1ndicated. The terms “rubber”, “elastomer’ and “‘rub-
bery polymer” may be used interchangeably unless otherwise
indicated. The term “phr” refers to parts by weight of an
ingredient per 100 parts by weight of rubber in a rubber
composition. Such terms are well known to those having skill
in such art.

SUMMARY AND PRACTICE OF TH.
INVENTION

(Ll

For this invention, an alkoxysilane agent end coupled, 1n-
chain functionalized conjugated diene-based elastomer, 1s
provided.

In accordance with this invention, an end coupled 1n-chain
functionalized conjugated diene elastomer 1s provided which
1s comprised of a conjugated diene-based elastomer of:

(A)apolymer of at least one of isoprene or 1,3-butadiene or
their mixtures, or

(B) polymer of styrene or alpha methyl styrene with at least
one of 1soprene or 1,3-butadiene or their mixtures,

wherein said conjugated diene elastomer 1s 1n-chain func-
tionalized by containing a plurality of functionalized styrene
units distributed in the elastomer chain comprised of:

(C) p- and/or m-(2-pyrrolidinoethyl) styrene or their mix-
ture, or

(D) m-(2-pyrrolidino-1-methylethyl) alpha-methylsty-
rene;

wherein said in-chain functionalized conjugated diene
clastomer 1s end coupled with an alkoxysilane agent com-
prised of at least one of:

(E) an alkoxysilane of the general formula (I):

R

F

Si—(OR")4_,, (1)

wherein R 1s a saturated alkyl radical containing from 1 to
18 carbon atoms, R is individually selected from alkyl radi-
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cals containing from 1 to 6 carbon atoms wherein at least one
of said R' radicals is an ethylene radical; and wherein n is a
value of from 0 to 3, preferably 1 or 2;

(F) a bis(3-tnnalkoxysilylalkyl) polysulfide containing an
average ol from 2 to 4, alternately an average of from 2 to
about 2.6 or an average of from about 3.4 to about 3.8,
connecting sulfur atoms 1n 1ts polysulfidic bridge,

() an organoalkoxymercaptosilane, or

(H) a capped organoalkoxymercaptosilane in the sense of
having 1ts mercapto moiety capped with a moiety which
uncaps the said mercapto moiety upon heating to an elevated
temperature in the presence of an amine rubber sulfur cure
(e.g. vulcanization) activator (for example, see U.S. Pat. No.
6,127,468).

In practice, the end coupled 1n-chain functionalized con-
jugated diene-based elastomer 1s considered herein as being
“lightly”, or partially end coupled 1n a sense of being, for
example, from about 20 to about 60 percent end coupled,
namely having from about 20 to about 60 percent of its
polymer ends actually end coupled. In such manner, then, the
uncoupled portion of the 1n-chain functionalized elastomer of
one molecular weight and the end coupled portion of the
in-chain functionalized elastomer 1s of a significantly higher
molecular weight.

In such manner, the end coupled 1n-chain conjugated diene
clastomer 1s viewed as being of a bimodal configuration (bi-
modal molecular weight configuration), wherein from about
20 to about 60 percent of said in-chain functionalized conju-
gated diene-based elastomer 1s end coupled, (and 1s therefor a
combination of in-chain functionalized diene elastomer and
substantially higher molecular weight end coupled 1n-chain
tfunctionalized diene-based elastomer).

Representative examples of alkoxysilanes for use in this
invention as the alkoxysilane agent are, for example, tetra-

cthoxysilane, n-octyltricthoxysilane, 3-chloropropyltri-
cthoxysilane, 3-mercaptopropyltricthoxysilane, bis(3-tri-
cthoxysilylpropyl) disulfide, bis(3-triethoxysilylpropyl)

tetrasulfide and 1-octanoylthio-1-propyltriethoxysilane.

In practice, exemplary of said organoalkoxymercaptosi-
lane for said alkoxysilane agent 1s, for example, an orga-
noalkoxymercaptosilane of the general Formula (II) repre-
sented as:

(X),.(R*0);_ -Si—R*SH (1)

wherein X 1s a radical selected from a halogen, preferably
chlorine or bromine or alkyl radical having from one to 16,
preferably from one through 4, carbon atoms; R> is an alky!l
radical having from 1 through 4 carbon atoms; wherein R* is
an alkylene radical having from one to 18, preferably from
two through 4, carbon atoms preferably selected from methyl,
cthyl, and propyl and more preferably a propyl radical: and n
1s an average value of from zero through 3, preferably zero;
and wherein, in such cases where n is zero or 1, R® may be the
same or different for each (R*O) moiety in the composition,
and said organalkoxyomercaptosilane of the general Formula
(II) as a capped organoalkoxymercaptosilane wherein the
mercapto moiety ol said organoalkoxymercaptosilane 1s
capped with a moiety which uncaps the said mercapto moiety
upon heating to an elevated temperature.

Representative examples of various organoalkoxymercap-
tosilanes for coupling said in-chain functionalized elastomer
are, for example, triethoxy mercaptopropyl silane, tri-
methoxy mercaptopropyl silane, methyl dimethoxy mercap-
topropyl silane, methyl diethoxy mercaptopropyl silane, dim-
cthyl methoxy  mercaptopropyl silane, triethoxy
mercaptoethyl silane, tripropoxy mercaptopropyl silane,
cthoxy dimethoxy mercaptopropylsilane, ethoxy diisopro-
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poxy mercaptopropylsilane, ethoxy didodecyloxy mercapto-
propylsilane and ethoxy dihexadecyloxy mercaptopropylsi-
lane.

Such organoalkoxymercaptosilanes may have their mer-
capto moiety capped with various moieties as discussed
above.

A representative example of a capped organoalkoxymer-
captosilane coupling agent usetul for this invention 1s a liquid
3-octanoylthio-1-propyltriethoxysilane as NXT™ Silane
from the GE Silicones Company.

In practice, said end coupled 1n-chain functionalized con-
jugated diene-based elastomer 1s comprised of from about
0.05 to about 20, alternately from about 0.1 to about 5, weight
percent p- and m-(pyrrolidinoethyl) styrene (PES) and/or
m-(2-pyrrolidino-1-methylethyl) alpha-methylstyrene
(PAMS).

In practice, the p- and m-(pyrrolidinoethyl) styrene (PES)
functionalized styrene 1s usually 1 a form of a mixture of the
p- and m-1sometric versions thereof and may, 1n general, be
represented by the general formula (I1I):

(111)

F

C
In practice, the m-(2-pyrrolidino-1-methylethyl) alpha-

methylstyrene (PAMS) functionalized styrene may, 1n gen-

eral, be represented by the general formula (IV):
(IV)

%
\

\
/

\/>_\N
)

The 1nvention further relates to a tire having at least one
component of a rubber composition comprised of (contain-
ing) said end coupled functionalized terpolymer.

In further accordance with this invention, a rubber compo-
sition containing silica reinforcement 1s provided which 1s
comprised of, based upon parts by weight per 100 parts by
weilght rubber (phr):

(A) 100 phr of at least one conjugated diene-based elas-

tomer comprised of:

(1) from about 10to about 100, alternately from about 20 to
about 80, phr of said alkoxysilane agent end coupled,
in-chain, functionalized conjugated diene-based elas-
tomer, and
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(2) from zero to about 90, alternately about 80 to about 20,
phr of at least one additional synthetic conjugated diene-
based elastomer,

(B) from about 30 to about 120 phr of particulate reinforc-

ing fillers comprised of:

(1) about 30 to about 120, alternately from about 30 to
about 113, phr of synthetic amorphous silica (e.g. pre-
cipitated silica), and

(2) from zero to about 60, alternately from about 5 to about
60 and further alternately from about 5 to about 25, phr
of rubber reinforcing carbon black, and optionally

(C) a coupling agent for said synthetic amorphous silica
having a moiety reactive with hydroxyl groups (e.g. silanol
groups) contained on said synthetic amorphous (e.g. precipi-
tated) silica, and another different moiety interactive with at
least one of said conjugated diene-based elastomers.

In practice, such coupling agent may be said alkoxysilane
agent other than said alkoxysilane of the general formula (1),
although said alkoxysilane may also be present.

In practice, said coupling agent may desirably be used to
aid 1n coupling the synthetic amorphous silica (e.g. precipi-
tated silica) to the conjugated diene-based elastomer (the end
coupled, in-chain functionalized conjugated diene elastomer
and said additional conjugated diene based elastomer 1f used)
even though the end coupled, in-chain conjugated diene elas-
tomer may already contain elements of a coupling agent in the
form of the alkoxysilane end coupling agent, as herein men-
tioned, the said end coupling of the in-chain functionalized
diene elastomer 1s seen herein as being “lightly” (e.g. only
partially) end coupled, the additional coupling agent is seen
herein as being helpful in coupling the said silica (e.g. pre-
cipitated silica) to the elastomer.

In further accordance with this invention, a tire 1s provided
having at least one component (e.g. tire tread) comprised of
said silica reinforcement-containing rubber composition (e.g.
sulfur vulcanized rubber composition) which contains said
alkoxysilane agent end coupled, in-chain functionalized elas-
tomer.

As heretofore 1indicated, in practice, said end coupled 1n-
chain functionalized conjugated diene-based elastomer 1s
comprised of from about 0.05 to about 20, alternately from
about 0.1 to about 35, weight percent p- and m-(pyrrolidino-
cthyl) styrene (PES) and/or m-(2-pyrrolidino-1-methylethyl)
alpha-methylstyrene (PAMS) which are distributed within
the elastomer chain.

In practice, said conjugated diene-based elastomer of said
in-chain functionalized elastomer of said end coupled 1n-
chain functionalized elastomer may be comprised of, for
example, from about 5 to about 45 weight percent of styrene
(in addition to the said functionalized styrene as said PES
and/or PAMS), and about 10 to about 90 weight percent of
said conjugated diene such as, for example, a conjugated
diene selected from at least one of 1soprene and 1,3-butadi-
ene,

In practice, said additional conjugated diene-based elas-
tomer (other than the said end coupled 1n-chain functional-
1zed elastomer) may be selected from, for example, at least
one of polymers of at least one of 1soprene and 1,3-butadiene
and copolymers of styrene and at least one of 1soprene and
1,3-butadiene;

In practice, said p- and m-(2-pyrrolidinoethyl) styrene
(PES) and m-(2-pyrrolidino-1-methylethyl) alpha-methyl-
styrene (PAMS) are considered herein as functionalized sty-
rene monomers which may be copolymerized with a conju-
gated diene monomer such as, for example, at least one of
1soprene and 1,3-butadiene 1n an anionic polymerization sys-

tem 1n a manner described 1n U.S. Pat. No. 6,825,306.
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Said PES may be prepared, for example, by reacting p-
and/or m-divinylbenzene with pyrrolidine 1n the presence of
n-butyl lithium catalyst in a manner described 1n U.S. Pat. No.
6,825,306.

Similarly, said PAMS may be prepared, for example, by
reacting m-dusopropenyl benzene with pyrrolidine in the
presence of n-butyl lithium catalyst.

Some representative examples of elastomers (rubbery
polymers) that can be provided as containing the small
amounts of said in-chain functionalized styrene units as PES
or PAMS (thus the end coupled in-chain include, for example,
polybutadiene rubber, polyisoprene rubber, styrene-butadi-
ene rubber (SBR), styrene-isoprene-butadiene terpolymer
rubber (SIBR), styrene-1soprene rubber (SIR) and 1soprene-
butadiene rubber (IBR). In cases where the rubbery polymer
1s comprised of repeat units that are derived from two or more
monomers, the repeat units which are derived from the dif-

ferent monomers, including the PES and PAMS functional-

1zed monomers, will normally be distributed 1n an essentially
random manner.

The end coupled in-chain functionalized elastomer of this
invention may be prepared by a co-polymerization of styrene
with a conjugated diene, such as at least one of 1soprene and
1,3-butadiene, together with a small amount of said PES
and/or PAMS and then end-coupling and terminating the
copolymerization reaction with the alkoxysilane agent.

In practice, the alkoxysilane agent will typically be added
only after a high degree of conversion of the monomers as
well as the PES and/or PAMS has already been attained. For
instance, the alkoxysilane agent will normally be added only
alter a monomer conversion of greater than about 85 percent
has been realized. It will typically be preferred for the mono-
mer conversion to reach at least about 90 percent betfore the
alkoxysilane agent 1s added.

The resultant end coupled, 1n-chain functionalized rubbery
polymer can be recovered from the organic solvent and resi-
due by means such as chemical (alcohol) coagulation, ther-
mal desolventization, or other suitable method. For instance,
it 1s often desirable to precipitate the rubbery polymer from
the organic solvent by the addition of lower alcohols contain-
ing from 1 to about 4 carbon atoms to the polymer solution.
Suitable lower alcohols for precipitation of the rubber from
the polymer cement include methanol, ethanol, 1sopropyl
alcohol, normal-propyl alcohol and t-butyl alcohol. The uti-
lization of lower alcohols to precipitate the rubbery polymer
from the polymer cement also “terminates” any remaining
living polymer by mnactivating lithium end groups. After the
coupled rubbery polymer 1s recovered from the solution,
steam-stripping can be employed to reduce the level of vola-
tile organic compounds 1n the coupled rubbery polymer.
Additionally, the organic solvent can be removed from the
rubbery polymer by drum drying, extruder drying, vacuum
drying, and the like.

The various synthetic amorphous silicas (e.g. precipitated
s1lica) usetul in rubber compounding applications can be used
for the synthetic amorphous silica in this invention.

Such synthetic amorphous silicas, particularly precipitated
silicas, may, in general, be prepared, for example, by the
acidification of a soluble silicate, e.g., sodium silicate under
controlled conditions, including an inclusion of an electro-
lyte.

The siliceous pigment (silica) may, for example, have a
BET surface area, as measured using nitrogen gas, 1s 1n a
range of about 80 to about 300, although more usually 1n a
range of about 100 to about 200, although perhaps even up to
about 360, square meters per gram (m~/g). The BET method
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ol measuring surface area 1s described in the Journal of the
American Chemical Society, Volume 60, Page 304 (1930).

The silica may typically have a dibutylphthalate (DBP)
adsorption value 1n a range of about 150 to about 350, and
usually about 200 to about 300 cubic centimeters per 100
grams (cc/100 g).

Various commercially available silicas may be considered
for use 1n this invention such as, for example only and without
limitation, silicas commercially available from PPG Indus-
tries under the Hi-Si1l trademark with designations 210, 243,
etc; silicas available from Rhodia such as, for example, Zeo-
s11™ 1165MP and silicas available from Degussa AG with
designations such as, for example, VN2, VN3, BV 3370GR
and silicas from J. M Huber Company such as, for example,
Hubersil 87435.

It 1s readily understood by those having skill in the art that
the rubber composition of the tread rubber would be com-
pounded by methods generally known 1n the rubber com-
pounding art, such as mixing the various sulfur-vulcanizable
constituent conjugated diene-based elastomers, including the
end coupled in-chain styrene/conjugated diene-based elas-
tomers, with various commonly used additive materials such
as, for example, curing aids, such as sulfur, activators, retard-
ers and accelerators, processing additives, such as oils, resins
including tackitying resins, and plasticizers, pigments, fatty
acid, zinc oxide, waxes, antioxidants and antiozonants, pep-
tizing agents and reinforcing fillers such as, for example the
indicated synthetic amorphous silica and rubber reinforcing
carbon black. As known to those skilled 1n the art, depending
on the intended use of the sulfur vulcanizable and sulfur
vulcanized compounds or tread compounds, the additives
mentioned above are selected and commonly used 1n conven-
tional amounts.

Exemplary of rubber reinforcing carbon blacks, although
such examples are not intended to be limitive, are of the
ASTM designation type N-299, N-234, N-220, N-134,
N-115, and N-110. The selection of the type of carbon black
1s well within an optimization skill by one having skill 1n the
rubber compounding for tire treads, depending somewhat
upon the intended use, purpose and properties for a tire tread.
Typical amounts of tackifier resins, 1f used, may comprise, for
example, about 0.5 to about 10 phr, usually about 1 to about 5
phr. Typical amounts of processing aids, 1f used, may com-
prise, for example, about 1 to about 80 phr. Such processing
aids may 1nclude, for example, aromatic, naphthenic, and/or
paraifinic processing oils or plasticizer or medium molecular
weilght polyesters. Typical amounts of antioxidants may com-
prise, for example, about 1 to about 5 phr. Representative
antioxidants may be, for example, diphenyl-p-phenylenedi-
amine and others, such as, for example, those disclosed in T7e
Vanderbilt Rubber Handbook (1978), Pages 344 through 346.
Typical amounts of antiozonants may comprise, for example,
about 1 to 5 phr. Typical amounts of fatty acids, i1 used, which
can include stearic acid may comprise, for example, about 0.5
to about 4 phr. Typical amounts of zinc oxide may comprise,
for example, about 2 to about 5 phr. Typical amounts of
waxes, 11 used, may comprise, for example, about 1 to about
5 phr. Often such waxes are microcrystalline waxes. Typical
amounts of peptizers, if used, may comprise, for example,
about 0.1 to about 1 phr. Typical peptizers may be, for
example, pentachlorothiophenol and dibenzamidodiphenyl
disulfide. An antioxidant may be, for example, of the para-
phenylene diamine and/or dihydrotrimethylquinoline type.

The vulcanization 1s conducted in the presence of a sulfur
vulcanizing agent. Examples of suitable sulfur vulcamizing,
agents 1nclude elemental sulfur (free sulfur) or may be, for
example, sulfur donating vulcanizing agents, for example, an
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amine disulfide, polymeric polysulfide or sulfur olefin
adducts. Preferably, the sulfur vulcanizing agent 1s elemental
sulfur. As known to those skilled 1n the art, sulfur vulcanizing
agents may be used, for example, 1n an amount ranging from
about 0.5 to about 4 phr, with a range of from about one to
about 2.5 often being preferred.

Accelerators are used to control the time and/or tempera-
ture required for vulcanization and to improve the properties
of the vulcanizate. Retarders may also used to control the
vulcanization on-set.

In one embodiment, a single accelerator system may be
used, 1.e., primary accelerator. Conventionally and prefer-
ably, a primary accelerator(s) 1s used 1n total amounts rang-
ing, for example, from about 0.5 to about 4, preferably about
0.8 to about 2.3, phr. In another embodiment, combinations of
a primary and/or a secondary accelerator might be used, with
the secondary accelerator being used i amounts of, for
example, about 0.05 to about 3 phr, for example, in order to
activate the cure and to improve the properties of the vulca-
nizate. Suitable types of accelerators that might be used in the
present mnvention are, for example, amines, disulfides,
guanidines, thioureas, thiazoles, thiurams, sulfenamaides,
dithiocarbamates and xanthates. The primary accelerator 1s
often a sulfenamide. If a second accelerator 1s used, the sec-
ondary accelerator 1s preferably a guanidine, dithiocarbamate
or thiuram compound.

The selection and amounts of most of the various com-
pounding ingredients are not considered to be critical for the
purposes ol this mvention, except where they may be espe-
cially emphasized elsewhere 1n this description, and can be
adjusted or modified by the practitioner as deemed suitable
for the desired tire tread properties.

The tire can be built, shaped, molded and cured by various
methods which will be readily apparent to those having skall
in such art.

The rubber composition may be and 1s preferably prepared
by thermomechanically working and mixing the elastomer(s)
and other rubber compounding 1ngredients, exclusive of the
rubber curatives, 1n at least one sequential mixing step with at
least one mechanical mixer, usually an internal rubber mixer,
(usually referred to as “non-productive” mix stages), to a
temperature which may be 1n a range of, for example, about
150° C. to about 190° for a sufficient duration of time, which
may be, for example, within about 4 to about 8 minutes. In
practice, although not used for the Example 1n this descrip-
tion, such mixing stage(s) may be followed by a final mix
stage (usually referred to as a “productive mix stage) in which
the curatives, such as sulfur and accelerators, are added and
mixed therewith which may be, for example, about 1 to about
4 minutes to a temperature which may be, for example, within
a range of about 90° C. to about 125° C. The terms “non-
productive” and “productive” mix stages are well known to
those having skill in the rubber mixing art.

It 1s to be appreciated that the rubber composition 1s con-
ventionally cooled to a temperature below about 40° C.
between the aforesaid mix stages.

It 1s to be further appreciated that the atoresaid duration of
time for the required temperature maintenance for the mixing
process(es) during the non-productive mix stages can be
accomplished, for example, by

(A) adjusting the motor speed of the mixer, namely reduc-
ing the motor speed after the desired temperature of the rub-
ber composition 1s reached, 1n a variable speed mixer or by

(B) utilizing two or more sequential mix stages suilicient to
satisly the duration requirement for the atoresaid maximum
mixing temperature maintenance.
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Vulcanization of the rubber compositions are generally
carried out at conventional temperatures which may range,
for example, from about 100° C. to about 200° C. Usually
preferably, the vulcanization 1s conducted at temperatures
ranging from 120° C. to 180° C. Any of the usual vulcaniza-
tion processes may be used such as heating in a press or mold,
heating with superheated steam or hot air or 1n a salt bath.

Upon vulcanization of the sulfur-vulcanized composition,
the rubber composition of this invention can be used for
various purposes. For example, the sulfur-vulcanized rubber
composition may be in the form of a tread for a pneumatic tire
which 1s the subject of this imnvention. Such tires can be built,
shaped, molded and cured by various methods which are
known and will be readily apparent to those having skill in
such art.

This invention 1s 1llustrated by the following examples that
are merely for the purpose of illustration and are not to be
regarded as limiting the scope of the invention or the manner
in which 1t can be practiced. Unless specifically indicated
otherwise, parts and percentages are given by weight.

EXAMPLE I

Samples (Comparative Sample A, Sample B and Compara-
tive Sample C) of silica remforcement-containing rubber
compositions were prepared.

Comparative Rubber Sample A contained Elastomer A as
an 1n-chain functionalized styrene/butadiene terpolymer
comprised of styrene/butadiene copolymer elastomer con-
taining a small amount of functionalized styrene in the elas-
tomer chain.

Rubber Sample B contained Elastomer B as the in-chain
functionalized styrene/butadiene Elastomer A terpolymer
having been end coupled with an alkoxysilane agent.

Comparative Rubber Sample C contained a comparative
end functionalized styrene/butadiene copolymer identified
herein as a comparative Elastomer C as being comparative
and differentiated from the 1n-chain terpolymer Elastomer A.

The individual functionalized Elastomers A, B and C were
compared according to their individual Mooney (ML 1+4)
viscosities, Tg’s, molecular weights and heterogeneity (poly-
dispersity) indexes as reported in Table 1.

The individual rubber Samples A, B and C, which individu-
ally contained said Flastomers A, B and C, were Compared
according to their bound rubber contents and Payne Elfect
values as reported 1n Table 2.

Elastomer

Elastomer A: In-chain functionalized
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Sample B rubber composition contained Elastomer B as
the 1in-chain functionalized styrene/PES/butadiene terpoly-
mer used 1 Sample A except that 1t had been end coupled by
addition of an alkoxysilane agent as an alkoxysilane polysul-
fide to lightly couple the in-chain functionalized terpolymer
and to terminate the copolymerization reaction.

Comparative Sample C rubber composition contained a
commercially available end coupled (tin-end coupled instead
of alkoxysilane end-coupled) end-functionalized (amine end-
functionalized instead of in-chain functionalized) styrene/
butadiene terpolymer obtained as SE SLR 4601™ from the
Dow Chemical company.

The 1n-chain functionalized conjugated diene-based Elas-
tomer A for Sample A rubber composition was prepared by

copolymerizing PES with 1,3-butadiene and styrene in the
presence of n-butyl lithium catalyst 1n a manner described in

U.S. Pat. No. 6,825,306. The copolymerization reaction was
terminated by a traditional addition of a stmple alcohol (e.g.
1sopropanol).

The end coupled 1n-chain functionalized diene-based Elas-
tomer B for Sample B rubber composition was prepared by
end coupling the Elastomer A used for Sample A near the
conclusion of 1ts formative polymerization process by addi-
tion of an alkoxysilane agent as a bis(3-triethoxysilylpropyl)
polysulfide having an average of from about 2 to about 2.6
connecting sulfur atoms 1n 1ts polysulfidic bridge which also
terminated the polymerization of the monomers.

The in-chain functionalized Elastomer A for comparative
Sample A rubber composition, and therefore also Elastomer
B, contained about 0.5 weight percent of in-chain p- and
m-(pyrrolidinoethyl) styrene (PES) functional groups in a
weilght ratio of units dertved from styrene to units derived
from 1,3-butadiene monomers of about 25/75.

After evaporating the hexane solvent, the resulting recov-
ered alkoxysilane agent end coupled, in-chain functionalized
clastomer was dried 1n a vacuum oven at a temperature of
about 50° C.

Various characteristics of the functionalized elastomers are
reported 1n the following Table 1 1n terms of Elastomer A (for
the said in-chain functionalized elastomer used for rubber
composition Sample A), Elastomer B (for the said end
coupled, imn-chain functionalized elastomer used for rubber
composition Sample B) and Flastomer C (for the commercial
tin coupled, end functionalized elastomer used for rubber
composition Sample C).

copolymer elastomer

Elastomer B: End coupled, in-chain
functionalized elastomer

Elastomer C—T1n end coupled, end
functionalized elastomer

TABLE 1
MI1 + 4
Viscosity! Tg (°C.)? Mn? Mw? HI*
33 -53 130K 139K  1.07
57 -53 147K>  150K° 1.02
350K® 378K°® 1.11
50 ~25 _ _ _

7

lMﬂﬂne}f viscosity (ML1 + 4) at 100° C.

*Mid point glass transition temperature

YNumber avera ge molecular weight (IWn) and weight average molecular weight (Mw) by GPC (gel permeation
chmmat-:::- graphy) analysis
“Hetero geniety index (HI), or polydispersity, as a ratio of Mw/Mn

*Molecular weight of the about 71 percent uncoupled portion of the end coupled bimodal elastomer 1n a sense
that the in-chain functionalized elastomer was only partially coupled, namely about 29 percent coupled
*Molecular weight, (significantly higher molecular weight) of the about 29 percent coupled portion of the end
coupled bimodal elastomer in a sense that the in-cham functionalized elastomer was only partially coupled,
namel}f about 29 percent coupled.
"The Mooney viscosity and 'Tg were not analytically determined and are reported values for Elastomer C. The
molecular weights were not determuned for Elastomer C.

In particular, comparative Sample A rubber composition
contained Elastomer A as an in-chain functionalized styrene/
PES/butadiene terpolymer.

65

The 1n-chain {functionalized styrene/PES/butadiene
copolymer elastomer of Elastomer A, and therefore also of
Elastomer B, had a microstructure composed of about 55
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weight percent 1,2-1someric polybutadiene units, about 25
percent 1someric 1,4-polybutadiene units, about 19.5 percent
styrene units and about 0.5 weight percent random 1n-chain
PES units according to analysis by NMR (nuclear magnetic
resonance analysis).

From Table 1 1t can be seen that Mooney (ML1+4) viscos-
ity of 57 for the Elastomer B (used for the rubber composition
of Sample B), namely the alkoxysilane end coupled in-chain
functionalized elastomer, was significantly higher than the
Mooney (ML1+4) viscosity of only 33 for the in-chain func-
tionalized Elastomer A, and the Mooney (ML1+4) viscosity
of 50 for the end functionalized Elastomer C.

The rubber composition formulations for rubber composi-
tion Samples A, B and C, which contained Flastomers A, B
and C, respectively, are 1llustrated in the following Table 2.
The parts and percentages are by weight unless otherwise
indicated.

TABL.

(L]

2

Material Sample A  Sample B Sample C

Non-Productive Mixing (between
120-160° C.), Internal rubber Mixer

In-chain functionalized Elastomer’ 100 0 0
Coupled 1mn-chain functionalized 0 100 0
elastomer’

Coupled end functionalized 0 0 100
elastomer”

Silica® 56 56 56
Rubber processing oil” 10 10 10
Zinc oxide 3.5 3.5 3.5
Stearic acid® 2 2 2
Antioxidant’ 2.2 2.2 2.2

IE lastomer A as said in-chain functionalized styrene/PES/butadiene terpolymer

’Elastomer B as said alkoxysilane end coupled 1in-chain functionalized styrene/PES/buta-
diene terpolymer

*Elastomer C as said tin coupled end functionalized (amine terminal end functionalized)
clastomer as SE SLR 4601 ™ from the Dow Chemical Company

4Precipitated synthetic silica as Zeopol ™ 8745 from the ] M Huber Corporation

SNﬂphthEHiC rubber processing oil
6Primaril}f stearic acid also contamning oleic and palmetic acids
?Phen}rlene diamine based antioxidant

In the following Table 3, the percent bound rubber and
Payne Effect values for the rubber composition Samples A, B
and C are reported. The parts and percentages are by weight
unless otherwise indicated.

TABLE 3
Percent Payne Effect
Sample Bound Rubber? G' (1% strain )/G' (50% strain)
Rubber Sample A 53 2.8
Rubber Sample B 77 2.4
Rubber Sample C 32 7.3

'Bound rubber, namely rubber bound to the precipitated silica as determined by immersing
0.4 grams of each rubber sample 1n 15 cc of toluene for about 48 hours at room temperature
(about 23“ C.). Following the immersion period, the swollen samples were dried 1n a vacuum
chamber overnight at 70° C. The weights of a rubber sample prior to its immersion and after
vacuum drying were compared and bound rubber was calculated using conventional proce-
dure.

From Table 3 1t can be seen that the rubber composition
Sample B containing the end coupled, in-chain functional-
1zed Flastomer B of this invention, had a significantly higher
bound rubber content o1 77 percent than either of comparative
Rubber Sample A of 53 percent or comparative Rubber
Sample C of 32 percent.

This 1s considered herein to be significant because the
bound rubber content of the rubber composition 1s an indica-
tion of the polymer/reinforcing filler interaction.

The significantly greater percent of bound rubber for Rub-
ber Sample B therefore indicates a significantly greater poly-
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mer/reinforcing filler interaction when using the alkoxysilane
agent end coupled in-chain functionalized Elastomer B as
compared to both comparative Rubber Sample A which con-
tained Elastomer A which was not alkoxysilane agent end
coupled and comparative Rubber Sample C which contained
Elastomer C which was tin end coupled instead of being
alkoxysilane end coupled and which was end functionalized
instead of being 1n-chain functionalized.

This 1s also considered herein to be significant because the
higher bound rubber content of Rubber Sample B, containing
the Elastomer B, 1s indicative of a strong polymer/filler inter-
action, 1s also mndicative of better various physical properties
for the rubber composition.

The Payne Effect value 1s a ratio of dynamic modulus (G")
for low dynamic strain (1 percent dynamic strain) to dynamic
modulus (G') for high dynamic strain (30 percent dynamic
strain) determined from a dynamic strain sweep at 11 Hertz at
100° C. by an RPA analytical instrument (e.g. Rubber Process
Analyzer as RPA 2000™ instrument by Alpha Technologies,
formerly the Flexsys Company and formerly the Monsanto
Company. References to an RPA-2000 imstrument may be

found 1n the following publications: H. A. Palowski, et al,

Rubber World, June 1992 and January 1997, as well as Rub-
ber & Plastics News, Apr. 26 and May 10, 1993.

A lower Payne Effect value 1s an indication of less filler-
to-filler interaction (filler-to-filler reinforcement networking)
within the rubber composition.

It can be seen from Table 2 that the Payne Effect value for
2.4 for Rubber Sample B, containing Elastomer B, 1s an
indication of reduced filler-filler reinforcement interaction,
namely an indication that the reinforcing filler particles are
more separated from each other and therefore better dispersed
within the rubber composition as compared to the higher
Payne Effect value of 2.8 for the rubber composition of com-
parative Rubber Sample A, contaiming Flastomer A, and as
compared to the significantly higher Payne Effect value o17.1
for the rubber composition of comparative Rubber Sample C,
containing Flastomer C.

Thelower Payne Effect value for the rubber composition of
Rubber Sample B, containing Flastomer B, 1s also considered
to be significant because 1s indicative of better polymer-filler
interaction and thus various better physical properties for the
rubber composition as compared to the rubber compositions

of comparative Rubber Samples A and C.

EXAMPLE II

To the rubber Sample B 1s blended sulfur and vulcamization
accelerator and the resultant rubber composition vulcanized
at an elevated temperature to form a sultur vulcanized rubber
composition. A tire 1s provided having a tread of said sulfur
vulcanized rubber composition.

Variations 1n the present invention are possible 1n light of
the description of 1t provided herein. While certain represen-
tative embodiments and details have been shown for the pur-
pose ol 1llustrating the subject invention, 1t will be apparent to
those skilled in this art that various changes and modifications
can be made therein without departing from the scope of the
subject 1nvention. It 1s, therefore, to be understood that
changes can be made 1n the particular embodiments described
which will be within the tull intended scope of the invention
as defined by the following appended claims.

What 1s claimed 1s:

1. An end coupled in-chain functionalized conjugated
diene elastomer which 1s comprised of a conjugated diene-
based elastomer comprised of:
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(A)apolymerof atleastone of1soprene or 1,3-butadiene or
their mixtures, or

(B) polymer of styrene or alpha methyl styrene with at least
one of 1soprene or 1,3-butadiene or their mixtures,

wherein said conjugated diene elastomer 1s in-chain func-
tionalized by containing a plurality of functionalized
styrene units distributed in the elastomer chain com-

prised of:

(C) p- and/or m-(2-pyrrolidinoethyl) styrene or their mix-
ture, or

(D) m-(2-pyrrolidino-1-methylethyl) alpha-methylsty-
rene;

wherein said in-chain functionalized conjugated diene-
based elastomer 1s end coupled with an alkoxysilane
agent comprised of a capped organoalkoxymercaptosi-
lane 1n the sense of having its mercapto moiety capped
with a moiety which uncaps the said mercapto moiety
upon heating to an elevated temperature 1n the presence
of an amine rubber sulfur cure activator:;

wherein said end coupled 1n-chain functionalized conju-

gated diene-based elastomer 1s of a bimodal molecular
weilght configuration with from 20 to 60 percent of said
in-chain functionalized conjugated diene-based elas-
tomer being end coupled.

2. The end coupled in-chain functionalized elastomer of
claim 1 containing from about 0.05 to about 20 weight per-
cent of said p- and/or m-(pyrrolidinoethyl) styrene and/or
m-(2-pyrrolidino alpha-methylethyl) alpha methylstyrene
functionalized styrene unaits.

3. The end coupled in-chain functionalized elastomer of
claim 1 wherein said plurality of said functionalized styrene
units are distributed substantially randomly 1n the elastomer.

4. The end coupled in-chain functionalized elastomer of
claim 1 wherein said functionalized styrene units are units of
said p- and/or m-(pyrrolidinoethyl) styrene.

5. The end coupled in-chain functionalized elastomer of
claim 1 wherein said functionalized styrene units are units of
said m-(2-pyrrolidino alpha-methylethyl) alpha methylsty-
rene.

6. The end coupled in-chain functionalized elastomer of
claim 1 comprised of said in-chain functionalized elastomer
end coupled with an alkoxysilane agent comprised of an
organoalkoxymercaptosilane composition comprised of at
least one of triethoxy mercaptopropyl silane, trimethoxy mer-
captopropyl silane, methyl dimethoxy mercaptopropyl
silane, methyl diethoxy mercaptopropyl silane, dimethyl
methoxy mercaptopropyl silane, triethoxy mercaptoethyl
silane, tripropoxy mercaptopropyl silane, ethoxy dimethoxy
mercaptopropylsilane, ethoxy diisopropoxy mercaptopro-
pylsilane, ethoxy didodecyloxy mercaptopropylsilane and
cthoxy dihexadecyloxy mercaptopropylsilane,

wherein the mercapto moiety of said organoalkoxymer-

captosilane composition 1s capped with a moiety which
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uncaps the said mercapto moiety upon heating to an

clevated temperature 1n the presence of an amine based

clastomer sulfur cure activator.

7. The end coupled in-chain functionalized elastomer of
claim 1 comprised of said in-chain functionalized elastomer
end coupled with an alkoxysilane agent comprised of a
capped organoalkoxymercaptosilane composition comprised
of a 3-octanoylthio-1-propyltriethoxysilane.

8. A tire having at least one component of a rubber com-
position containing said end coupled 1n-chain functionalized
clastomer of claim 1.

9. A rubber composition containing silica reinforcement 1s
provided which 1s comprised of, based upon parts by weight
per 100 parts by weight rubber (phr):

(A) 100 phr of at least one conjugated diene-based elas-

tomer comprised of:

(1) from about 10 to about 100 phr of said end coupled,
in-chain, functionalized diene-based elastomer of
claim 1, and

(2) from zero to about 90 phr of at least one additional
synthetic diene-based elastomer,

(B) from about 30 to about 120 phr of particulate reinforc-
ing fillers comprised of:

(1) about 30 to about 120 phr of synthetic amorphous
silica, and

(2) from zero to about 60 phr of rubber reinforcing
carbon black, and optionally,

(C) a coupling agent for said synthetic amorphous silica
having a moiety reactive with hydroxyl groups con-
tained on said synthetic amorphous silica, and another
different moiety interactive with at least one of said
diene-based elastomers.

10. The rubber composition of claim 9 which contains said

coupling agent.

11. A tire having at least one component comprised of the
rubber composition of claim 9 as a sultfur vulcanized rubber
composition.

12. The tire of claim 11 wherein said component is a tread,
wherein the conjugated diene-based elastomer of said end
coupled 1n-chain functionalized elastomer 1s comprised of
about 5 to about 45 weight percent of styrene and about 10 to
about 90 weight percent of said conjugated diene selected
from at least one of 1soprene or 1,3-butadiene or their mixture,
wherein said additional synthetic diene-based elastomer 1s
selected from polymers of at least one of 1soprene and 1,3-
butadiene and copolymers of styrene and at least one of
1soprene and 1,3-butadiene and wherein said synthetic amor-
phous silica 1s a precipitated silica.

13. A tire having at least one component of a rubber com-
position containing said end coupled 1n-chain functionalized
clastomer of claim 6.
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